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\VH\U KKSISTANT Tli/WSI^ORI AI ION 
SDRI ACIC MARKING MKI HOI) AND 
MATKRIAI.S 

ITiCHNICAL FIELD 5 

This invention relates to a method for marking transpor- 
tation surfaces, and to wear-rcsisiani compositions useful in 
such method. 

BACKGROUND ^0 

Pavement marking systems that have been described in 
the patent literature or are commercially available include 
solvent-borne and water-borne paints, preformed adhesive 
tapes, preformed thermoplastic tapes, two-part reactive ther- 25 
moset systems (e.g., cpoxies and acr>iates), hopper-borne 
molten thermoplastic systems and combustion flame- 
spraycd thermoplastic powder systems. The flame-sprayed 
thermoplastic systems are especially quick and easy to apply 
(even on roughened or cracked surfaces or under extreme 20 
low temperatures) and have relatively low cost. However, 
existing commercially-available flame-sprayed systems 
appear to be less durable than some commercially-available 
alternatives such as preformed tapes, and consequently may 
require more frequent replacement and greater long-term 25 
installation labor expense. 

Aznar, A. C, Caprari, J. J., Meda, J. F, and Slutzky. O., 
"Study of Formulation Variables of Thermoplastic Reflect- 
ing Materials for Traffic Marking". Journal of Coalings 
Technology, 69, 868, pp. 33-38 (May 1997) describe typical 30 
thermoplastic pavement marking materials and their wear 
resistance using wet and dry Taber abrasion tests. 

Andrady, A. L., "National Cooperative Highway 
Research Program Report 392. Pavement Marking Materi- 
als: Assessing Environment-Friendly Performance", 
Washington, D.C. (1997) describes several types of pave- 
ment marking materials, including typical formulations for 
commercially available pavement markings (see pp. 9-13 
and 52-57). 

U.S. Pat. No. 3,410,185 (Harrington '185), U.S. Pat. No. 
3,664,242 (Harrington ei al. '242), U.S. Pat. No. 3,849351 
(Jorganscn), U.S. Pat. No. 3,914,468 (Condon et al.), and 
U.S. Pat. No. 4,058,641 (Hnojewyj), and the brochures 
entitled "Green Liie*^^ Striping Powder and GLG-20 Sys- 
tem" (publication 75-0299-7023-5) and "Green Lite^M Strip- 
ing Powder" (publication 75-0299-7789-1 (120.5)ii) 
describe machines and compositions for use in flame-spray 
pavement marking applications. 

Japanese published patent application (Kokai) No. HEI 9 
[l997]-3 14032 describes flame -sprayable coatings for use 
on flood gales, valves and water pipes, liners, vanes and 
gates and other substrates but does not describe the use of 
such materials as pavement markings. An "acrylic type resin 
powder'' and more specifically an "ethylene acryl acetate" is 
said to be employed, together with an alumina filler material. 

The brochures entitled "The 124 System" and "Put on a 
PFS Coat" from Plastic Flamecoat Systems describe a 
handheld flame-spray applicator that can be used, inter alia, 
to line the interior of a pothole, and lo seal and repair cracks, 
during asphalt repair procedures. 

ITic brochure entitled "Hlvaloy® AM" (publication 
H-37622) describes a reactive asphalt additive said to be an 
elhylcnc/glycidyl/acr>'late terpolymcr. 

U.S. Patent No. 3,011,412 (Harrington et al. '412) 65 
describes a urea-ha.sed meltable temporary protective coal- 
ing for thcrmosci or thermoplastic pavement marking paints. 


Japanese paicni (Kokoku) No. Mill 5[1993] - 33661 
describes a preformed pavemeni marking lape made from a 
molded sheet containing a hinder including an "eihylenc 
meihacrylic acid copolymer resin wiih 10 lo 15 weigh! % 

5 meihacrylic acid conicni", and bonded !o pavemeni using a 
hot-mell adhesive which had been preapplicd lo ihe lape 
before use. No mention is made of flame-spraying the 
copolymer or the sheet ingredients onto pavement. 

U.S. Pat. No. 4,069,281 (Eigenmann), U.S. Pat. No. 

30 4,388,359 (Elhen et al.), U.S. Pat. No. 4,490,432 (Jordan), 
U.S. Pal. No. 5,127,973 (Sengupta el al.), U.S. Pal. No. 
5,194, 13 (Lasch el a!. '113). U.S. Pal. No. 5374,465 
(Fulcomer) and U.S. Pat. No. 5,536,569 (Lasch el al. '560) 
describe various preformed pavemeni marking materials 

15 which typically have one or more layers in the form of a 
primer, pressure sensitive adhesive or conformance material 
between the marker and the pavement. 

SUMMARY OF THE INVENTION 

-° The present invention provides, in one aspect, a method 
for marking a transportaiion surface comprising the steps of: 

a) healing the surface lo a temperature above ambient 
temperature; 

b) melting or otherwise substantially .softening a finely- 
divided, free flowing, flame-sprayable, powder binder 
material .selected from the group consisting of acrylic 
polymers and copolymers, olefin polymers and copoly- 
mers having a number average molecular weight 

^ greater than about 10,000, ureihane polymers and 
copolymers, curable epoxy resins, ester polymers and 
copolymers, and blends thereof, 

c) applying the molten or softened binder to the surface 
together with a particulate topcoat or particulate filler 

35 selected from the group consisting of reflective 
elements, skid-resistant particles, magnetizable par- 
ticles and mixtures thereof; 

d) optionally posiheating the thus-applied materials; and 
c) allowing the thus-applied materials to cool and form a 

40 marker in which the binder adheres directly to the 
surface. 

In another aspect, the invention provides a novel kit of 
components, useful in the above method, comprising one or 
more containers comprising finely-divided, free flowing, 

45 flame-sprayable, powder binder material selected from the 
group consisting of acr>'lic polymers and copolymers, olefin 
polymers and copolymers having a number average molecu- 
lar weight greater than about 10,000, ureihane polymers and 
copolymers, curable epoxy resins, ester polymers and 

50 copolymers, and blends thereof, together with a particulate 
topcoat or particulate filler selected from the group consist- 
ing of reflective elements, skid-resistant particles, magne- 
tizable particles and mixtures thereof. 

In yet another aspect, the invention provides novel trans- 

55 portation surface markers comprising a binder material 
selected from the group consisting of acrylic polymers and 
copolymers, olefin polymers and copolymers having a num- 
ber average molecular weight greater than about 10,000, 
ureihane polymers and copolymers, curable epoxy resins, 

60 ester polymers and copolymers, and blends thereof, together 
with a paniculate topcoat or particulate filler selected from 
the group consisting of refleaive elements, skid-resisianl 
particles, magnetizable particles, and mixtures thereof, 
wherein the binder adheres directly to the transportation 

65 surface. 

In yet a further aspect, the invention provides marked 
transportation surfaces bearing such markers. 


'Ilic mclhod and composiiions of ihc invcniion can he 
used lo prepare markers for iransporiaiion surfaces (e.g., 
inlerseciion and lane pavemeni markings) having high wear 
rcsisiancc, rapid irack-free time and minimal or no solvent 
emission. The novel kit of components is particularly suited 5 
for application using flame-spray equipment. 

DESCRIPTION OF THE DRAWING 

FIGS. 1-3 arc enlarged cross-sectional views of skid 
resistant rctrorcflcclivc markers of ihc invcniion on con 
creie. 

FIG. 4 is an enlarged cross-seciional view of a magnc 
lizable reirorefleciive marker of ihe invention on asphalt. 

FIG. 5 is an enlarged cross-sectional view of a skid 
resistant marker of the invention on concrete. 

DETAILED DESCRIPTION 

Transportation surfaces to which the markers of the 
invention can be applied include roadways, walkways, 20 
bicycle paths, curbs, IrafiBc barriers, barricades, steps, park- 
ing lots and other transportation-related horizontal, inclined 
or vertical surfaces made of concrete, asphalt, bricks and 
other hard materials. The markers can be in the form of any 
desired indicia including stripes, text, graphics and other 25 
symbols. 

Referring lo MG. 1, retro reflective pavemeni marker 10 is 
adhered direcily to pavemeni surface 13 of concrete 12 due 
lo adhesion between solidified binder material 14 and pave- 
ment surface 13. This adhesion is obtained without the need 30 
for an intermediate adhesive layer such as a pressure* 
sensitive adhesive. Because surface 13 lypically is non- 
planar, penetration of molten binder material 14 into the 
interstices 15«, I5b and 15c of surface 13 aids in adhering 
marker 10 to surface 13 following cooling of binder 14. On 35 
a horizontal iransporiaiion surface, ihe.upper surface 14^ of 
binder 14 generally follows ihe contours of interstices 15fl, 
156 and 15c. Reflective elements 16 and skid-resistant 
panicles 18 lie atop marker 10. Marker 10 can be formed 
using relatively simple flame-spray equipment and is espe- 40 
cially well suited to temporary markings where marker wear 
and the eventual loss of elements 16 and particles 18 would 
not be detrimental. Binder 14 can be applied to concrete 12 
in the form of free flowing solid particles (not shown) that 
pass through the flame of a flame-spray apparatus (not 45 
shown) and thereby become molten or softened sufl5ciently 
to coalesce into a film on surface 13. Elements 16 and 
particles 18 are dropped onto the film while binder 14 
remains in a softened or molten state. 

Marker 20 in FIG. 2 resembles marker 10 but reflective 50 
elements 26 and skid-resistant particles 28 are distributed 
randomly throughout binder 24, and binder 24 is somewhat 
thicker than binder 14. Marker 20 is adhered directly to 
pavement surface 13 due lo adhesion between solidified 
binder 24 and pavemeni surface 13. On a horizontal trans- 55 
portation surface, the upper surface 24a of binder 24 gen- 
erally follows the contours of relatively deep depressions 
such as interstices ISa and 15c, but is generaUy planar over 
relatively shallow depressions such as interstice ISb owing 
to the tendency of binder 24 to flow and self-level prior to 60 
resolidification. Marker 20 can be made using several dif- 
ferent techniques that achieve substantially uniform mixing 
of the reflective elements 26. skid-resistant particles 28 and 
binder 24 before the mixture reaches the surface 13. For 
example, reflective elements 26, skid-reslMant particles 28 6S 
and binder 24 can be separately fed to the flame-spray 
apparatus and combined at or in the flame. These ingredients 


- JO 


15 


4 

can also be dr\'-hlLndcd logcihcr well beforehand, stored in 
a container, and then fed as a mixture to ihc flame. As a 
further example, rencciive elements 26 or skid-rcsisianl 
particles 28 can be combined with mollen binder 24 and the 

5 resulting mixture cooled and ground or oiherwise converted 
into powder form. The resulting powder blend can later be 
mixed with any remaining desired particles in the flame- 
spray apparatus. Marker 20 has a desirable combination of 
long-term rctrorefleciiviiy and skid resistance while the 

30 marker wears away. 

Marker 30 in FIG. 3 has features of both markers 10 and 
20. A relatively dense coal of reflective elements 36 and 
skid-resistant particles 38 lies atop marker 30. In addition, 
further reflective elements 36 and skid-rcsistant particles 38 

15 arc distributed randomly throughout binder 34. Marker 30 is 
adhered directly to pavement surface 13 due to adhesion 
between solidified binder 34 and pavement surface 13. 
Marker 30 can be made by combining the techniques used 
to make markers 10 and 20. Marker 30 provides a good level 

20 of initial retroreflectivity and skid resistance, together with 
reasonable levels of these characteristics as marker 30 wears 
away. 

Magnetizable retrorefleciive marker 40 in FIG. 4 is top- 
coaled with reflective elements 46 and contains magnetiz- 
able panicles 48 distributed randomly throughout binder 44. 
Marker 40 is adhered directly to pavement surface 43 of 
asphalt 42 due to adhesion between solidified binder 44 and 
pavement surface 43. Marker 40 can provide both visual and 
magnetically-sensed information to a motorist and vehicle 
owing to the presence of reflective elements 46 and mag- 
netizable particles 48. 

Skid-resistant marker 50 in FIG. 5 is topcoated with 
skid-resistanl particles 58. Marker 50 is adhered directly to 
pavement surface 13 of concrete 12 due to adhesion between 
solidified binder 54 and pavement surface 13. Marker 40 
helps provide safer conditions for pedestrians and cyclists by 
discouraging slippage by people walking or riding over 
marker 50 in wet or dry conditions. 
40 Although not shown in the Drawing, the marker can if 
desired be fornied from two or more built-up layers. For 
example,»graphic symbols (e.g., parking space markers for 
disabled motorists) can be formed by application of a blue 
rectangular background followed by application of a white 
45 wheelchair symbol in the center of the rectangle (using, e.g., 
a heat-resistant stencil or other suitable image-producing 
technique), leaving part of the lower layer visible. As a 
further example, the marker can be overcoated with an upper 
layer having more wear-resistant properties than the lower 
so laver. Preferably this upper layer contains a binder of the 
* type used in the markers of the invention, although other 
coatable polymeric materials or even tape constructions can 
be used for the upper layer if desired. 

The method of the invention can be carried out using 
55 typical commercially-available flame-spray equipment for 
pavement marking applications, such as the devices 
described in U.S. Pat. No. 3,279,336 (Eden et al.). U.S. Pat. 
No. 3.393,615 (Micheln). and U.S. Pat. No. 3,874,801 
(White), and in the brochure entitled "Information Folder 
60 5.11 3M Green Lite™ Striper GLG-30" (publication 
75-0299-9287-4(52.25)Rl). E^referably such devices employ 
an air-propane combustion system, and proxide or are modi- 
fied to provide reliable control of process variables such as 
machine speed, ingredient flow rales, transportation surface 
65 preheat temperature, flame size and shape, and material 
residence time in the flame. For example, by using fluidized 
powder feed mechanisms such as those employed in the 


'rtCFLO Model 51(»2 or I CCFl-O 35U» Model li powder 
delivery svsiems (commercially available from Uuieciic 
corporation), the deliver)' raie of binder powder inio ihe 
flame can be reliably controlled. 

Hamc-sprav equipment for ordinary industrial coating 5 
applications can also be employed if desired, especially 
when precise coaling thickness control is not required. 
Suitable equipment includes air-propane powder coaimg 
applicators such as the TERODYN/TECFLO Model 35(|0 
air/propane flame-spray system (commercially available 
from Euiectic Corporation) and the Model 124 flame-spray 
system (commercially available from Plastic Flamecoal 
Systems). 

' Preferably the iransponaiion surface is first cleaned using 
any suitable cleaning means such as a compressed air 
stream, broom, wire brush, or degreaser, to remove loosely 
held dirt, sand, gravel or other surface coniaminants if 
present. New concrete pavement preferably is scarified 
using an abrader or other suitable device to remove curing 
additive residues and other surface deposits. 

The transportation surface should be preheated before the 
marker ingredients are applied to the surface, to drive ofif 
surface moisture or other fluids (e.g., automoiive lubricants 
and hvdraulic fluids) if present, and to aid in binder film 
coalescence. Useful preheating temperatures can be as high 
as or higher than the melting range or softening temperature 
of the binder powder, and preferably are between about 65 
and about 300° C. Preheating typically can be accomplished 
using any suitable heal source, including flames and 
infrared, microwave or radiant electric healing elements. 
Preferably, preheating is accomplished using the primary (or 
if desired a secondary) flame from the flame-spray machine. 

Tv-pically, a marker of the invention formed on a hori- 
zontal transportation surface will have a generally planar 35 
upper binder surface, interrupted by depressions into large 
interstices in the transportation surface, and optionally inter- 
rupted by projections from any reflective elements, skid- 
resistant particles or magnetizable panicles that may have 
been topcoated onto the marker. Markers fonmed on non- 40 
horizontal transportation surfaces can vary in thickness due 
to the efiTeci of gravity while the molten binder cools. When 
the transportation surface contains gross defects such as 
deep cracks or other depressions, the ability of ihc marker to 
conform to such defects can provide a substantial durability 45 
advantage over preformed adhesive tapes. 

The powder(s) from which the marker is made preferably 
are applied at a rale sufficient to yield a coaling thickness 
having sufficient durability 10 withstand at least one season 
of typical outdoor exposure. For pavement marking 50 
applications, the markers of the invention preferably will 
withstand at least about three seasons of normal trafiBc 
exposure, and most preferably about five seasons or more. 
Translated into dimensional units, the desired marker thick- 
ness will vary depending upon environmental and traffic 55 
conditions and upon the particular formulation employed, 
but typically will be about 0.13 to about 2 mm, more 
preferably about 0.25 to about 1.5 mm, and most preferably 
about 0.5' to about 0.75 mm. These thicknesses can be less 
than the thicknesses typically required for some widely used 60 
alternative transportation surface marking materials. For 
example, the recommended thickness to provide adequate 
wear resistance for alkyd thermoplastic intersection mark- 
ings is about 2.3 to 3 ram. 

The thickness of markers of the invention will primarily 6S 
depend upon the marker size (e.g., the stripe width for a lane 
marking), the powder delivery rate, and the rale at which the 
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flame-spray machine traverses ihe iransporiaiion surface. 
This traversal rale will be referred lo as the "machine 
speed". Preferably, the machine speed is at least about 5 
meters per minute, and more preferably about 9 to about 27 

5 meters per minute. As an example, if the marker has a 
specific gravity of 1-5 g'cm^ and is applied in a MK) mm 
wide stripe at a machine speed of 3 meters per minute, then 
a marker thickness of 0.5 to 0.75 mm will be obtained at a 
powder delivery rale of about 41 to 61 Kg per hour. 
Typically an equipment designer or operator may need to 

^ optimize other machine sellings such as the flame size or the 
residence lime of the powder(s) in ihe flame. Preferably 
these settings arc optimized by the designer lo suit a par- 
ticular formulation, and need not thereafter be adjusted by 
^ the operaior. Use of multiple powder feeders can increase 

^" powder deliver>' rates to the flame. Use of muliiple flame 
heads can increase powder delivery rates to the transporta- 
tion surface. Such multiple flame heads can be arranged in 
parallel or serial fashion with respect to the direction of 
flame -spray machine travel. 

If desired, the marker can be further healed following 
application to the transportation surface, using, e.g., heat 
sources such as those used for preheating. ITiis postheating 
heating step can aid in binder film coalescence, formation of 
a durable, well-adhered marker, and enhancement of 
particle/binder adhesion in lopcoaied markers. 

Following application, the marker should be allowed lo 
cool so that the solidified binder material becomes tack- free. 
Adequate adhesion of the marker to the iraasporiation 

3Q surface can be evaluated in a variety of ways. Exposure to 
normal environmental or traffic conditions for a period of 
time, e.g., one day or more, will give the mo.si reliable test 
results. However, relatively simple tests such as a boot scufif 
test or attempting to remove the marker with a putty knife 

^5 will often be sufficient to determine whether marker has 
adhered adequately to the transportation surface. In cases 
where the marker has been applied to asphalt, it may be 
necessary to allow the asphalt to cool for several hours or 
more before evaluating adhesion. Asphalt can retain signifi- 

40 cant heat from the preheating step and may undergo cohe- 
sive failure within the asphalt if marker, adhesion is tested 
too soon after the marker has been applied. 

The kits of the invention include one or more containers 
of ingredients in finely-divided form. At least one of the 

45 containers contains the above-mentioned flame-spray able 
binder powder, either alone or combined with one or more 
of the reflective elements, skid-resistant particles or magne- 
tizable panicles. For markers in which the ingredients are 
uniformly di.stributed throughout the marker, all of the 

50 included ingredients preferably are present in a single con- 
tainer. The kit ingredients can also include one or more 
adjuvants (described in more detail below). These adjuvants 
can be melt-compounded into the binder, or included in the 
kit as discrete or dry-blended ingredients. 

55 Although the markers of the invention are preferably 
made by flame-spraying, ihey can if desired be made using 
other means. For example, the marker ingredients can be 
mixed, melted in a kettle or other healing vessel, transported 
if need be to the application site (using e.g., a wheeled 

60 hopper) and coaled onto the transportation surface, using 
techniques similar lo those used for applying conventional 
hydrocarbon thermoplastic long-line markings or alkyd ther- 
moplastic intersection markings. Also, the marker ingredi- 
ents can be mixed, melted, pressed into a film, cooled, and 

65 later reheated and applied directly to the traasportation 
surface using a torch or other localized heating device, using 
techniques similar lo those used for applying preformed 
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ihcrmopiaslic inicrscciion markini^s such as PRliMAKK 
preformed marking lapc (commercially available from Flint 
IVading, Inc.)- 

The binder is selected from the group consisting of acr>'lic 
polymers and copolymers, olefin polymers and copolymers 5 
having a number average molecular weight greater than 
about 10,000, urcihane polymers and copolymers, curable 
epoxy resins, esier polymers and copolymers, and blends 
thereof. Before use, ihe binder (and any oiber commingled 
ingredients such as skid-rcsistani particles or adjuvants) 
should be free flowing. By ihis is meant that when the binder 
is stored and used under ordinary warehoasing and road.Mde 
conditions, il can be poured into the powder storage hopper 
(s) of the flame-spray machine and will pass through the 
machine and the flame without excessive caking, clogging, 
or adhesion to parts of the flame-spray machine upstream 
from the flame. 

The binder should be flame-sprayable. By this is meant 
thai the binder particles do not bum or otherwise unduly 
degrade when passed through the flame of the desired 20 
flame-spray machine, and that they melt or soften suflB- 
cienily when so passed and coalesce into a film upon 
application to the transportation surface. Flame-sprayability 
can be evaluated empirically. A number of factors are 
involved, including the binder molecular weight, adjuvant 25 
type and loading level, powder particle size, preheat 
temperature, powder residence time in the flame, and the 
extent of postheating. Melt index measurements are a useful 
technique for evaluating binders without having to flame- 
spray finished formulations. Using the measurement tech- 30 
nique described in ASTM 0-1238, preferred flame- 
sprayable binder materials typically have melt indices above 
about 80, more preferably above about 200, and most 
preferably above about 500. 

Thc binder preferably is a thermoplastic powder. The 35 
binder can be a thermosctlable powder if it is capable of 
being softened in the flame-spray apparatus. and coalescing 
into a film before appreciable thermosetting occurs. Such 
thermosettable binders can be prepared using two part 
reactive systems, one part systems containing thermally- 40 
activated crosslinking agents, or other means by which.once 
the binder particles have been heated in the flame, allowed 
to coalesce into a film, and cool and solidify, the binder will 
have a higher melting point, lower melt index, reduced 
solubility or other indication of ihermosei properties. The 45 
binder can also be a blend of ihermoplasiic and thermoset- 
table materials (including liquid materials, e.g., liquid ther- 
mosettable materials) so long as the blend is a powder. 
Binders made from either solid or liquid ihermosetlable 
materials preferably arc melt compounded and pulverized at 50 
sufficiently high temperatures to facilitate mixing of the 
ingredients and production of a flamc-sprayablc powder, 
without initiating thermosetting of the binder. TTiis enables 
the thermosetting reaction to be substantially deferred until 
the powder is delivered to the flame or otherwise heated just 55 
prior to formation of the marker on the transportation 
surface. Thermosetting can then take place as (or after) the 
marker forms and cools on such surface. 

Suitable acrylic polymers and copolymers contain repeat- 
ing units derivable from acrylic acid or methacrylic acid, and 60 
include polymers of monomers such as methyl meihacrylate, 
ethyl meihacrylate, n-butyl acrylate, n-butyl meihacrylate, 
ethyl hexyl acrylate, hydroxyeihyl acrylate, hydroxyeihyl 
meihacrylate, acrylic acid, methacrylic acid, styrene, methyl 
styrene and glycidyl acr>'late. Industrially available versions 65 
of such acrylic polymers and copolymers include JONCRYI. 
SCX-815, -817 and -819 carboxyl-functional acrylic resins 


s 

(commercially available from SC Johnson I\>lymcr, and 
optionally crosslinkablc usini; a hydroxyalkylamide 
crosslinker such as PRIM ID XL- 55 2, commercially avail- 
able from EMS-Chcmic), ALMATEX cpoxy-funciional 

5 ihermoseiiing acrylic resins (commercially available from 
Anderson Developmenl Company and Milsui Toalsu 
Chemicals, Inc. and optionally crosslinkablc using 1,12- 
dodecanedioic acid). El VACITE grades 2008, 2013, 2016, 
2028 and 2043 methacrylale resins (commercially available 

10 from ICI Acrylics), and ACRYLOID B-66 mcihyl/butyl 
methacrvlatc polymer (commercially available from Rohm 
& Haas) 

Suitable olefin polymers and copolymers are non-grease, 
non-wax materials containing repealing units derivable from 

55 olcfinic monomers, and include ethylene acrylic acid 
copolymers, ethylene mcthacrylic acid copolymers 
(including ionically-crosslinkablc ethylene mcthacrylic acid 
copolymers), polyethylene plastics, polypropylene, 
elhyiene-propylene-diene lerpolymers, polybutylene, elhyl- 

20 cnc n-buiyl acrylate, ethylene maleic anhydride copolymers, 
ethylene vinyl acetate, and ethylene methyl acrylate and 
ethylene ethyl acrylate copolymers. Industrially available 
versions of such olefin polymers and copolymers include 
PRIMACOR ethylene acrylic acid copolymers 

25 (commercially available from Dow Chemical Co.); 
NUCREL ethylene mcthacrylic acid copolymers, SURLYN 
ionically-crosslinkable ethylene mcthacrylic acid copolymer 
and ELVALOY AM ethylcne/glycidyl/acrylalc tcrpolymers 
(all commercially available from E. I. duPonl de Nemours); 
and A-C 573A elhylcne-maleic anhydride copolymer 
(commercially available from Allied Signal). 

Suitable urethane polymers and copolymers contain 
repeating urethane linkages and aromatic or aliphatic groups 
or segments. Where wcatherability is required, aliphatic 
(and preferably cycloaliphaiic) groups or segments are pre- 
ferred. Industrially available urethane polymers and copoly- 
mers include L-430.77-3 and -4 thermoplastic polyurethanes 
(experimentally available from Morton International, Inc.). 

Suitable curable cpoxy resins contain epoxy groups and 
aromatic or . aliphatic groups or segments. Where weather- 
ability is required, aliphatic (and preferably cycloaliphaiic) 
groups or segments are preferred. Industrially available 
curable epoxy resins include SCOTCHKOTE 413 fusion- 
bonded epoxy coating material (commercially available 
from 3M) and EPON 1001 F aromatic solid epoxy resin 
(commercially available from Shell Chemical Co.) 

Suitable ester polynners contain repeating ester units and 
aromatic or aliphatic groups or segments. The ester polymer 

50 or copolymer can be a linear, non-crosslinkable material. If 
desired, the ester polymer or copolymer can contain one or 
more crosslinkablc ftinctional groups (such as carboxyl or 
hydroxyl groups), and can be hardened using a crosslinking 
agent such as iriglycidyl isocyanuraie ("TGIC"). Other 

55 suitable crosslinking agents include aminoplasts such as 
melamine formaldehydes, blocked aliphatic isocyanates and 
n,n-telra(alkyloxy)meihyl bis-alkyl amide. Industrially 
available ester polymers and copolymers include those 
de.scribed in "Acrylic Resins for Powder Coatings", 

50 EuroCoaU 1-2/1994, pp 14-23. A relatively wide variety of 
polyester resins can be employed, from suppliers such as 
Bostic Chemicals, Eastman Chemicals, DSM Resins US, 
Inc., Hocchst, McWhortcr Technologies, Inc., Rcichhold 
Chemicals, Inc.. Ruco Polymer Corp.. and UCB Chemicals 

65 Corp. 

Blends of binder materials can be employed. This will 
facih'tatc the optimization of properties such as pavement 
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surface adhesion, flame -sprayabiiiiy, binder meU How, film 
coalescence and marker wear resistance. Useful blends 
include mixtures of acrylic jxilymers or copolymers wjih 
urcthanc or csier polymers and copolymers, and other mix- 
tures of ihcrmoscllable and thermoplastic binder materia Ls. 5 
For example, curable epoxy resins can usefully be blended 
with one or more of the above-mentioned polymers or 
copolymers, e.g.. polyolefins such as polypropylene. Suit- 
able epoxv-olefin blends are also described in U.S. Pal. No. 
5,709,948 (Perez et al.). 

An especially useful blend can be prepared by dry- 
blending a curable epoxy resin powder with an olefin 
polymer or copolymer powder. Care should be taken to 
adjust the panicle size distribution of such a blend to 
discourage separation of the powder in the flame-.spray 
hopper. Finely-divided adjuvants (e.g., Ti02) arc preferably 
melt -compounded into the epoxy or olefin before the epoxy 
and olefin powders are dr>'-blended. This provides a cosi- 
effeciivc mixture of powders that can be flame -sprayed onto 
a transportation surface. 

The desired binder panicle size will vary somewhat 
depending on the chosen binder. As a generalization, the 
binder panicles preferably have an average particle diameter 
of less than about 300 «m, more preferably less than about 
200 //m, and most preferably about 100 to about 150 ftm. 2s 
The range of usable binder panicle diameters can however 
lie outside these desired average diameter ranges. 

The binder particles can have any desired shape including 
spheroids, flakes, fibers or irregular granules, with the shape 
being somew hat dependent upon the method used to convert 30 
the binder to a powder form. Spheroidal particles are pre- 
ferred in order to facilitate more uniform melting or soft- 
ening of the binder in the flame. Usually the binder can be 
pulverized by grinding, optionally aided by using cryogenic 
cooling or other particle-forming aids thai malic the binder 35 
more friable. Typical powder-forming equipment includes 
hammer mills, opposed fluid jet mills, and the like. 

A variety of reflective elements can be employed, includ- 
ing glass beads formed of glass materials having indices of 
refraction (n) from of about 1.5 or more, more preferably 40 
from about 1.5 to about 2.26, and most preferably about 1.5 
to about 1.9. Additional useful relrorcflcclive elements 
include the beads disclosed in U.S. Pat. No. 4,564,556 
(Lange '556) and U.S. Pat. No. 4,758,469 (Lange '469). 
These beads are described generally as solid, transparent, 45 
non-viircous, ceramic spheroids having al least one metal 
oxide phase, lliey are very resistant to scratching and 
chipping, are quite hard (e.g., above 700 Knoop), can be 
made with a relatively high index of refraction (e.g., from 
1.4 to 2.6), and preferably are made from zirconia-alumina- 50 
silica or zirconia-silica phases. Other suitable rcfleclivc 
elements include the reflective elements described in U.S. 
Pal. No. 5,417,515 (Hachey el al. '515), U.S. Pat. No. 
5,571,362 (Hachey el al. '362) and U.S. Pat. No. 5,750,191 
(Hachey et al. '191); Class "A" and Class "B" glass beads 55 
(commercially available from Poiiers-Ballotini); and "High 
Index" and "TraflSc Marking" glass beads (commercially 
available from Flex-O-Lile, Inc.). Mixtures of reflective 
elements can be used if desired. TTie reflective elements can 
optionally be treated with a keying agent (e.g., 60 
3- a m i nopropy It rie 1 hox y silane or gamma- 
meihacryloxypropyltrimeihoxy silane) to enhance retention 
of the reflective elements within the marker. The reflective 
elements should be employed in an amount suflicient to 
provide the desired degree of visibility to vehicle drivers or 65 
other persons approaching the marker. Reflective perfor- 
mance typically will diminish as the marker ages and wears 
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away. For markers in which rcHcciivL- clcmcnis arc di.sirib- 
uied uniformly ihroughoui ihc marker, amounts up lo aboui 
40 wcighi perceni rcflccuvc clcmcnis arc preferred, more 
preferably about 5 lo about 35 weight percent and most 

5 preferably about 10 to about 30 weight percent. For markers 
bearing a paniculate topcoat of reflcciive clemenLs, coating 
weights up to about 0.2 Kg'm" are preferred, more prefer- 
ably about 0.O4 to about 0.17 Kg/m', and most preferably 
about 0.08 to about 0.13 Kg/m*. 

^0 The reflective elements can have any desired shape, with 
spheroidal shapes being preferred. 

The reflective element particles, if present as a separate kit 
ingredient, preferably have an average panicle diameter less 
lhan about 1 mm, more preferably less than about 500 /<m, 
and most preferably about 30 to about 350 /^m. 

Suitable skid -resist ant particles include fused aluminum 
oxide (including alumina-zirconia), ceramic aluminum 
oxide, quartz (e.g., sand), silicon carbide, garnet, diamond, 
cubic boron nitride, boron carbide, chromia, ceria and com- 

'° binations thereof Additional skid-resistani panicles include 
the skid-resisiant ceramic spheroids described in U.S. Pat. 
No. 4,937,127 (Haenggi ei al. *127) and 5,094,902 (Haenggi 
et al. '902). Mixtures of skid-resisiani panicles can be 
employed if desired. The skid-resistant panicles can option- 

' ally be treated with a keying agent such as those described 
above lo enhance retention of the skid-resisiant panicles 
within the marker. 

The skid-resistant particles can have any desired shape, 

3U with irregular shapes being preferred. 

The skid-resistant panicles should have a size and be 
employed in an amount sufiScient to provide Ihc desired level 
of skid resistance in a freshly flame -sprayed marker. Skid 
resistance can be evaluated as described in ASTM E303-93, 

35 'llie type, size and amount of skid-resistant panicles are 
selected to provide a marker having surface frictional prop- 
enies of at least about 45 British Pendulum Number (BPN) 
when so evaluated. The majority of the skid-resistant par- 
ticles should have a particle diameter greater than 150 /<m. 

40 Preferably the particles have a panicle diameter between 
about 300 and about 1500 ^an. For alumina panicles, diam- 
eters between about 300 and about 1200i<m are preferred. 
For ceramic spheroids, diameters between about 420 and 
about 1400 /on are preferred. Skid resistance typically will 

45 diminish as the marker ages and the skid-resistant panicles 
wear away. For markers in which skid-resistant particles are 
distributed uniformly throughout the marker, amounts up to 
about 15 weight percent skid-resistant particles are 
preferred, more preferably about 2 to about 7 weight per- 

50 cent. For markers bearing a paniculate topcoat of skid- 
resistant panicles, coating weights up to about 0.2 Kg/m2 
are preferred, more preferably about 0.04 to about 0.17 
Kg/m% and most preferably about 0.08 to about 0.13 Kg/m2. 
A variety of magnetizable panicles can be employed. The 

55 particles should be capable of being permanently 
magnetized, and many such panicles are known to those 
familiar with the magnetic materials an. The major axis 
length (defined as the maximum length in any direction) of 
preferred magnetizable particles for use in this invention 

60 ranges from about 1 millimeter down lo about 10 
nanometers, and more preferably from about 200 microme- 
ters down to about 0.1 micrometer. The saturation magne- 
tization of the magnetic panicles preferably ranges from 
about 10 to about 250 emu/g (electromagnetic units/gram), 

65 and more preferably is greater lhan about 50 emu/g. The 
coercivity of such panicles preferably ranges from about 
100 to about 20,000 Oersteds, more preferably from about 
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2(K» to aboul 5000 Ocrsicds. Panicles with cocrcivilics less 
lhan aboul 200 Ocrsicds arc loo easily accidentally 
dcmagnclized, while panicles with cocrcivilics greater than 
5000 Ocrsicds require relaiivcly expensive cquipmcni to 
become fully magnciized. 5 

Rare earih-meia! alloy maierials represeni one suitable 
class of high-performance permanenily magnetizable par- 
ticles. These are further described in U.S. Pat. No. 4,497,722 
(Tsuchida el al.), which describes the use of samarium- 
cobalt alloy panicles, and European Patent Application No. lO 
260,870, which describes ihe use of neodymium-iron-boron 
alloy panicles. However, ihese alloys are relatively costly, 
may experience exces.sive corrosion under conditions of 
prolonged outdoor exposure, and typically have coercivities 
greater lhan 5000 Oersteds. 35 

Other magnetizable panicles include Alnico (aluminum- 
nickel-cobalt-iron alloy), iron, iron-carbon, iron-coball, 
iron-cobaU-chromium. iroD-coball-molybdenum, iron- 
cobalt-vanadium, coppcr-nickel-iron, manganese -bismuth, 
manganese-aluminum, and cobalt-platinum alloys. ,0 

Magnetic ferrites represeni one preferred class of mag- 
netizable particles. The hexagonal phase of the magne- 
toplumbiie structure (commonly known as barium 
bcxafcrritc, and generally produced as flat hexagonal 
platelets) is panicularly preferred. Strontium and lead can 
substitute in part or completely for the barium, and many 
other elements can panially substitute for the iron. Thus 
strontium hexaferriie is also a preferred material. Another 
class of preferred magnetizable panicles is the cubic ferrites, 
which are somciimcs produced as cubic panicles, but more ^ 
ofien as elongated needle-like, or acicular, panicles. 
Examples include magnetite (FcjO^), magnemite or gamma 

t^^ ferric oxide (gamma-Fe^Og), intermediates of ihese two 

compounds, and cobalt-subsiituied modifications of the I wo 

J^J compounds or of their intermediates. All of these magnetic 

fcrriics are produced in large quantities at relatively low cost 35 

PI and are stable under conditions of prolonged outdoor expo- 

l^i sure. Their coercivities typically lie within the abovc- 

mentioned most preferred range of 200 to 5000 Oersteds. 

?! Additional preferred magnetizable panicles include iron 

Ifii oxide, manganese-bismuth and iron protected against oxi- 40 

I J dation. 

j'* ' Chromium dioxide may also be useful as a magnetizable 

1?^ particle due to its low Curie temperature, which facilitates 

thermoremanent magnetization methods. 

For markers containing magnetizable particles, ihe par- 45 
tides preferably arc uniformly distributed throughout the 
marker at a relatively high loading level. A preferred loading 
range is up to about 85 weight percent, more preferably from 
aboul 65 to about 85 weight percent, and most preferably 
from about 75 to about 85 weight percent. To obtain the jq 
highest remanent magnetization, the magnetizable panicles 
preferably are substantially domain-size, anisotropic 
particles, and there preferably is substantially parallel align- 
ment of preferred magnetic axes of a sufiBcient number of the 
particles so as to make the marker anisotropic. The orien- 
talion of the magnetizable panicles may be optimized by 
physically or magnetically orienting the panicles, e.g., by 
calendering or through the use of an electromagnet. 

If desired, adjuvants such as dry flow aids (e.g., fumed 
silica); mch flow additives (e.g., benzoin); pigmenis (e.g., 
titanium dioxide, lead-free yellow, carbon black, and fiuo- 
rcsccnt pigments); dispersing aids; impact modifiers (e.g., 
core-shell materials such as the PARALOID series of acrylic 
shell impact modifiers having buiyl acrylaie or meihacrylate/ 
butadiene/sly re ne cores, commercially available from Rohm 
& Haas); extenders and reinforcing fillers (e.g., calcium 
carbonate, alumina having panicle diameters less than 150 
/ml, wollasioniic, glass fibers, and the substantially glassy 
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panicles described in U.S. Pal. No. 5,559, J 70 (Casilc) and 
in the hmchurcs cniiilcd **3M and Zcclan Industries, Inc. 
Microspheres" (publicaiion 70-0705-7642-9, 1994) and 
**3M and Zcclan Industries, Inc. Microspheres Performance 

5 Enhanccmcms" (publicaiion 70-0706-5903-5, 1995)); anti- 
oxidants (e.g., IRGANOX 1010, commercially available 
from Ciba Geigy Inc.); flame rctarders; adhesion aids; UV 
absorbers; and light stabilizers (e.g., CHIMASSORB 944 
hindered amine light stabilizer, commercially available from 
Ciba Geigy Inc.) can be added to the kit compositions of the 
invention. Very finely divided adjuvants such as titanium 
dioxide typically will be added to the binder before carrying 
out grinding or other pulverization of the binder to powder 
form. Dr>' flow aids typically will be added lo ihe binder 
after pulverization. Other adjuvants typically can be added 
to the binder before or after pulverization, with addition 
before pulverization being preferred. The amounts and types 
of adjuvants can be determined empirically, and will in 
general depend on the desired end use and environmental or 
irafGc conditions lo which the marker will be subjected. 

20 The markers of the invention can be used in a variety of 
transportation applications, including temporary or perma- 
nent markings for lane dividers, channelization markings, 
stop bars, crosswalk rails, continental blocks, zebra stripes, 
parking lot stripes, curb markers, bike path markers, and 

25 other t>'pical transportation surface symbols and legends 
(e.g., arrows and textual or numeric data). The method of the 
invention can be used to form new markers and to make 
repairs of existing markers. Typically the markers of the 
invention will be located within about 100 meters of a traffic 

,y intersection, but they can also be used in long-line applica- 
tions and non-roadway applications when desired. The 
markers can contain two or more layers, with at least the 
layer adjacent the transportation surface containing one or 
more of ihe above -described binders adhered directly to 
such surface. 

The invention is further illustrated in the following 
examples. 

EXAMPLE 1 

A mixture of 76 volume 7o ethylene acrylic acid copoly- 

^ mer (PRIMACOK 5990 copolymer. commercially available 
from Dow Chemical Co.), 8 volume % TiO^ (R960, com- 
mercially available from E. I. duPont de Nemours & Co.), 
and 17 volume % alkali alumino silicate ceramic micro- 
spheres (No. W410 ZEEOSPHERES ceramic microspheres, 

45 commercially available from 3M) was compounded in a 
twin screw extruder. I'hc cxtnidale was broken into small 
pieces, cooled with liquid nitrogen, and ground in a No. 88D 
Jacobson Mill (Jacob.<;on Machine Works, Inc.). The ground 
particles were classified on a screen to remove particles 

50 having a diameter greater than about 600 /4m. Glass beads 
(refractive index 1.5 Traffic Marking beads from Flex-0- 
Lite) were added lo the classified powder by dry blending 
until they represented 19.6 volume % of the resulting 
mixture. The mixture had a calculated .specific gravity of 
1.64 and contained copolymer, glass beads, ceramic micro- 

• spheres and TiO^ in a 60.8:19.6:13.3:6.4 volume ratio. The 
mixture was flame-sprayed lo a thickness of about 1.25 mm 
onto aluminum panels using a GREEN LITE Model GLG- 
20 Striping Machine (commercially available from 3M). 

In a series of comparison runs, several commercially 
available pavement marking materials were applied to alu- 
minum panels. The marker material in Comparison Example 
1 was a polyamide-based flame-spray powder (GREEN 
LITE 2110 powder, commercially available from 3M). The 
marker material in Comparison Example 2 was an alkyd 

65 thermoplastic intersection material intended for hot-applied 
hopper-bome application (DURALINE thermoplastic, com- 
mercially available from Morton International, Inc.). This 
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material was hcaicd on a hoi pi ale and poured onlo a 
•siliconc-coaicd release paper. The resuliini; film was 
allowed lo ctKil, pressed lo a thickness of abirut J. 27 mm 
using an IIII Model PW.::CM press hcaicd at a Icmperaiurc 
of about 145° C, and hol-laminaicd to an aluminum panel. 


lABLH 1 


Example or 


Volume loss^ 

VolUfTlC LhOSS, 

Volume L^ss, 

Vi3 1 u m c Loss , 

Volume L^ss^ 


Comparison 

Specific 

o-.soo 

500-1 o-no 

1000-1500 

■J 500-2000 

200O-2.'^00 


Exsmplc ^0. 



Cvclcs, cm 

^\A>ICrd* win 

*->tlCa. CTlJ 

Cycles J cm* 

cm' 

Example 1 

1.64 

0.32 


0.16 

0.24 

0.17 

0.72 

Comparison 

J. 48 

0.32 

0.30 

0.30 

0.36 

0.45 

3.7 

Example 1' 








Comparison 

2.02 

0.24 

0.37 

0.59 

0.62 

1.1 

2.9 

Example 2^ 








Comparison 

1.86 

0.30 

0.14 

0.14 

0.15 

0.13 

0.87 

Example 3^ 








Comparison 
Example A* 

1.96 

0.30 

0.32 

0.09 

0.095 

0.074 

0.67 








Comparison 

3.81 

0.29 

0.085 

0.13 

0.096 

0.13 

0.73 

Example 5* 








Comparison 

1.98 

0.83 

0.21 

0.34 

0.36 

0.13 

3.5 

trample fi* 








Comparison 
Example 7' 

1.91 

1.8 

0.52 

0.34 

0.522 

o..*;? 

3.8 








Comparison 

1.9S 

0.47 

0.14 

0.014 

0.33 

0.15 

3.0 

Example 8® 









^GREEN UTIE 2130 Powder (commercially available from 3M) 

"Alkyd I!)uraline Thermoplastic Hot Applied Marking Material (commercially a\*ailable from Morton International, Inc.) 
'STAivlAHK 440 I ape (commercially av-aUablc from 3.M) 
1^ ^STAMARK 420 Tape (commercially av-ailahlc from 3M) 

-^STAMARK 5730 Tape (commercially available from 3.M) 

*H0TAPE Preformed .Marking Tape (commercially available from Siimsonite Corporation) 

P'PREMARK Preformed Marking Tape (commercially available from Flint Trading, Inc.) 
. *FLAMETAPE Preformed Marking Tape (commercially aN-ailable from Magna Industries, Inc.) 

hi 

The markers in ComparisoD Examples 3 through 8 were 
'i^l commercially available preformed pavement marking tapes. 

ni All of the Comparison Example materials arc currently used 

widely throughout the U.S. for intersection pavement mark- 

1^1, Jlic wear resistance of each pavement marker was evalu- 40 

s J alcd using a Taber Abraser Tester, Model 503 (Tabcr 

*^ ' Industries) using procedures similar to those described in 

1?^ ASTM D4060-95. However, the tester was filled with an 

H-22 abrasive wheel to provide for accelerated wear results, 
and volume loss rather than weight loss was reported. It 45 
If^ should be noted that, as staled in the ASTM standard, the 

results of the Taber Abrasion test method have poor 
reproducibility, and that interlaboraiory agreement is 
improved significantly when rankings of coatings are used in 
place of numerical values. 50 

Every 500 cycles, the aluminum panels were removed 
from the tester and weighed to determine the extent of 
marker material wear loss. 'JTic wear test results arc shown 
below in Table 1. The results assume a constant specific 
gravity throughout the test, although for some markers the 55 
specific gravity varied as the marker topcoat and other 
marker layers wore away. The pavement marker of Example 
1 exhibited a lower volume loss at equivalent total test 
cycles than all but one of the commercially available com- 
parison pavement marking materials shown in Table 1. This 50 
latter comparison marker lost its beads and topcoat before 
completion of the lest. 

The composition of Example 1 was applied to aged 
asphalt using the Model GLG-20 f^ame-spray striping 
machine. The stripe was applied transverse to the vehicle 65 
lane of a confidential roadway test deck and exposed to 
outdoor conditions in Minnesota for eleven months. Visual 
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obscn aiion of ihc marker R^liowinu ihc eleven nidnih period 
indicated ihai the marker exhibited no visible wear in the lire 
irack area. Some loss due ro adhesion failure t>ccurred in ihe 
oil drip area, bui overall over 95% of ihc oricinal marker 
appeared lo be iniaci. 


EXAMPLE 2 

A series of pavement marking materials was prepared, 
applied to aluminum panels by flame-spraying using ihe' 
method of Example 1, and evaluated using the Taber Abraser 
Tester. Each material contained PRIMACOR 5990 ethylene 
^ acrylic acid copolymer (commercially available from Dow 
Chemical Co.), glass beads and JIO.. JTie material of Run 
2-2 also contained OMYACARB 6 calcium carbonate 
(commercially available from Omya, Inc.). The results are 
set out below in Table 2. 


TABLE 2 



Resin/glass 



Run 

bcads/CaCOj/TiOi, 

Calculated Specific 

Total Volume 

volume percent 

Gravity, g/cm^ 

l^.w, cm* 

2-3 

72.8/1 9. 6/U'7.6 

1.48 

0.69 

2-2 

60.8/29.6/13.3/6.4 

1.68 

0.78 


EXAMPLE 3 

Using the method of Example 1 , a series of pavement 
markers was prepared, applied to aluminum panels and 
evaluated. 'ITie markers of Runs 3-1 and 3-2 contained the 
same copolymer, ceramic microspheres, glass beads and 

fin J}Pr Example 1, together with a light stabilizer 

(Chimassorb 944) and an antioxidant (IRGANOX 1010) in 
a 69/15/12/4.3/0.27/0.11 volume percent ratio. The marker 
of Run 3-1 was prepared by flame-spraying these ingredients 
onto an aluminum panel as in Example 1. llie marker of Run 
3-2 was formed into a film and hot-laminaicd to an alumi- 

65 num panel u.sing the method of Comparison Example 2. 
The markers of Runs 3-3 and 3-4 were prepared using 
Nucrcl 699 ethylene mcthacrylic acid polymer, glass beads. 
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TiO;. UV jbsorhcr and aniioxidam in a S5/9.9/4.4/().22'().()9 
vc>lumc ptrccnl ralio. llic marker (.>f Run 3-3 was prepared 
by llanie-spraying as in Example 1 and the marker of Run 
3-4 was prepared by hoi iaminalion using the same melhod 
used for Run 3-2. The markers were evahjaied for wear 5 
resistance using a Taber Abraser Tester as described in 
Example 1. The results arc shown below in Table 3, and 
illusirale thai comparable ranking orders (albeit diflering 
numerical volume loss figures) were obtained when markers 
prepared using flame-spraying were compared to markers ^ 
prepared using hot lamination. 


lABLH 3 




Mcihod of 

Calculated Specific 

Tola) Volume Loss, 

Run 

Binder 

Application 

Gravity, g/cm^ 


3-1 


Flame spray 

1.4S 

0.95 


5990 

Lamination 


0.58 


699- 

Flame spray 

J.24 

0,36 

31-4 

699 

Lamination 

].:4 

0.29 


'PRI-MACOR 5990 ethylene acrylic acid copolymer, commercially ax-ail- 
able from Dow Che mica) Co 

-NUCREL 699 ethylene methacrylic acid copolymer, commercially avail- 
able from E. I du Pom de Nemours & Co. 


EXAMPLE 4 35 

A series of pavement markers containing varying tspes or 
amounts of alumina was prepared asing the general melhod 
of Run 3-2. All of the components (including the glass 
beads) were dry blended and well mixed using a tumbler 
mixer, extrusion compounded using a co-rotating twin screw 30 
extruder, collected on silicone -coated release paper, cooled, 
broken into small pieces and re-extruded to attain more 
uniform mixing. The resulting re-extruded material was 
collected on silicone -coated paper, cooled and then hoi- 
laminated to aluminum panels. ITie markers were evaluated 
for wear resistance using the melhod of Example 1. The 
results are shown below in Table 4. Markers containing 
alumina (Runs 4-1, 4-2 and 4-3) exhibited improved wear 
resistance compared to the marker prepared without alumina 
(Run 4-4). 


TABLE 4 




Res in* /glass beads/ 

Calculated 

Total 


Alumina' 

■nO-Zalumina. volume 

Specific Gravity, 

Volume 

Run 

Gril Size 

percent 

g/cm' 

I^s, cm^ 

4-3 

100 

63 ..V6. 6/13.9/2 6.3 

1.82 

0.33 

4-2 

60 

63.3/6.6/13.9/16.3 

1.82 

0.35 

4-3 

30 

63.3/6.6/13.9/16.3 

1.82 

0.40 

4-4 

None 

72.2/6.2U'16.2 

].40 

0.55 


45 


»DLKALUM Special White 100/6U/30 gril aluminn. commercially avail- 50 
able from Washington Mills 

-PRIMACOR 5990 ethylene acrylic acid copolymer, commercially avail- 
able from Dow Chemical Co. 


EXAMPLE 5 

A scries of pavement marking materials containing vary- 
ing types and amounts of ceramic microspheres or alumina 
filler was prepared, applied to aluminum panels using a 
pressure -sensitive film adhesive, and evaluated using the 
Taber Abraser Tester. TTie pressure sensitive film adhesive 
was employed because the materials exhibited relatively 
poor adhesion to aluminum. It is believed that their adhesion 
to typical pavement surfaces would be much better and 
would not require the use of a film adhesive. Each material 
contained ALMATEX PD-7610 epoxy functional acrylic 
copolymer (commercially available from Anderson Devel- 65 
opment Co.) together with TiO^ and glass beads as in 
Example 1. 
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'Yhc results arc shown below in Tabic 5, and illustrate that 
improved wear resistance was obtained by usini* ceramic 
microsphere fillers. Run 5-7, which conlained no'iillcr, fell 
apan in less than liKK) cycles. The addition of alumina 

5 (DURALUM Special White 60 gril alumina, commercially 
available from Washington Mills) in Run 5-6 provided a 
modest improvement in measured wear resLsiancc. The 
addition of ceramic microspheres (Nos. W210, W410 and 
W610 ZEEOSPHERES Ceramic Microspheres, commer- 

jO cially available from 3M, and having respective maximum 
particle sizes of 12, 24 and 40 //m) markedly improved the 
measured wear resistance. 


TABLES 

Calculated 


25 


Run 

Filler 

Res ia'g lass 
beads/fill er/TiO,, 
volume % 

Specific 
Gravity, 
g/cm' 

Touj) Vblume 
Loss, 2500 
cycles, cm' 

5-1 

W-210 

63.3/36.2/13.9/6.5 

1.74 

2.5 

5-2 

W-4J0 

53.3/16.2/24/6.5 

1.86 

2.5 

5-3 

W-410 

63.3/36.2/13.9/6.5 

3.74 

2.3 

5-4 

W-410 

73.3/16.3/3.9/6.5 

1.61 

2.0 

5-5 

W-630 

63.3/36.2/13.9/6.5 

J.74 

2.3 

5-6 

AJumina 

63.3/16.2/13.9/6.5 

1.95 

Fell apart < 

5-7 




1500 cycles 

None 

77.3/6.6,t)/26.3 

1.57 

Fell apart < 





3000 cycles 


EXAMPLE 6 

30 A series of pavement marking materials containing var>'- 
ing types and amounts of ceramic microspheres or alumina 
filler was prepared, applied to aluminum panels using the 
method of Example 5, and evaluated using the Taber Abraser 
Jester. Each material conlained "JoncryPM" sCX-817 car- 

35 boxyl functional acr>'lic copolymer (commercially available 
from SC Johnson Polymer) together with TiO^ and glas.s 
beads as in Example 1. 

The results are shown below in Tabic 6. Runs 6-1 through 
6-5 illustrate the effect of alumina filler panicle size and 

40 amount on wear resistance. Run 6-6 shows comparison data 
using ceramic microspheres ("Zeeospheres^*^ Ceramic 
Microspheres W-410, commercially available from 3M). 


TABLE 6 


Calculated 


55 


Run 

Filler JX-pc 
and Grit 

Resin/glass 
bcads/fillcr/J'iO^, 
volume % 

Specific 
Gravity, 

Total Vfalume 
l^ss, 2500 
c>*cles, cm^ 

6-1 

Alumina- 100 

63.3/36.2/13.9/63 

1.94 

1.2 

6-2 

Aluinina-60 

53.3/36.2/24/6.5 

2.22 

3.4 

6-3 

AIuinina-60 

63.3/16.2/33.9/6.5 

1.94 

1.4 

6-4 

Alumina-60 

73.3/16.3/3.9/6.5 

3.66 

0.96 

6-5 

Aluiniiia-30 

63.3/16.2/13.9/6.5 

1.94 

0.87 

6-6 

W-410 

63.3/16.2/13.9/6.5 

3.72 

3.5 

6-7 

None 

77.4/6.6/0/3 6.1 

1.55 

1.0 


EXAMPLE 7 

A scries of pavement marking materials containing com- 
binations of various epoxy-functional acrylic copolymers 
with one or more additives was prepared, applied to alumi- 
num panels using the method of Example 5, and .evaluated 
using the Taber Abraser Tester. The additives were a 
polyureihane, a carboxyl-functional aliphatic polyester, and 
a crosslinking agent. Each gave improved performance. The 
materials of Runs 7-4, 7-7 and 7-9 were healed for 12 
minutes at 193** to 200** C. to initiate crosslinking. The 
results arc set out below in Tabic 7. 
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TAHLE 7 


Run 

Binder 

Additive 

Birder. Additive/ 
TiO^. vclume Cr 

Cnlculaied Specific 
Gravity, g/cm* 

Total Volume Loss. 
2500 c> clcs, cm * 

7-1 

6100* 

None 

93.4t) {>.6 

3.28 

Fell apart <1500 cvclcs. 

7-2 

6100 

L430.77-3* 

?5.3/lS.'6.6 

1.29 

0.57 

7-3 

6100 

8500-^ 

75.3/18/6.6 

1.29 

0.70 

7-4 

6100 

DDDA* 

84,'9.3,'b.9 

1.34 

0.79 

7-5 

6300* 

None 

y3.4,Ut).6 

1.28 

Fell apart <3UU cycles 

7-6 

6300 


75.3/18/6.6 

1.29 

0.81 

7-7 

6300 

DDDA 

77.3/1 5.S/6.S7 

1.34 

0.82 

7-8 

7610* 

None 

93/0;? 

1.36 

Fell apart <500 cycles 

7-9 

7610 

DDDA 

77.3/1 5. S/6.S7 

1.34 

0.84 

7-10 

815' 

None 

93.1/0/6.9 

1.34 

0.97 

7-11 

815 

L430.77-3 

74.5/lS.6;tj.9 

1.34 

0.48 


*A)inaiex ^ 6100 epoxy functional Bcr>iic. commercially a\'ailable from Anderson Development Co. 
'L430.77-3 thermoplastic aliphatic poI>'urcihanc, commercially a\'ailablc from Morton International 
'AP-8500 linear carboxvl functional aliphatic polyester, commercially aN-ailahle from Anderson Dewlopment 


'*l,12-Dodecanedioic acid, commercially available from E. I. DuPont 

*Almaiex 6300 epoxy functional acrylic, commercially available from Anderson Development Co. 
*Aln«tcx ™ 76 JO epoxy functional acrylic, commercially available from Anderson Development Co. 
'Joncryl 815 carboxvl functional acrylic, commercially available from SC Johnson Polymer 


EXAMPLE 8 

A series of pavement marking materials conlainiog com- 
binaiions of various propylene polymers and curable epoxy 
resins was prepared, applied lo aluminum panels using the 
general method of Run 3-2, and evaluated using the Taber 
Abraser Tester. Each material contained a polypropylene 
M binder and an epoxy additive (both identified below), 30 

f?^' , together with 3 weight % (based on the weight of the 

polypropylene) of a malcaicd polypropylene (GXX15 
j?! polypropylene, commercially available from Eastman 

Chemicals) and 0.5 weight percent (based on the weight of 
the polypropylene) of a UV absorber (TINUVIN 770 hin- 
'^1 dered amine light stabilizer, commercially available from 

Ciba-Gcigy). The samples were pressed between silicone 
liners and maintained at 200* C. for 3 minutes during the hoi 


i4 


ni 

lamination step to effect thermosetting of the epoxy. The 
results are set out below in Table 8. 

M — 

l^i TABLE 8 

D 


35 


Run 

Binder 

Additive 

Binder/Additive/ 
HOj, volume Cr 

Calculated Specific 
Gravity, g/cm^ 

Jbtal Volume Loss, 
2500 c>'cles, cm' 

8-1 

3505* 

ERL 4221 2 

88/5.1/7.3 

1.13 

0.40 

8-2 

3505 

ERL 4221 

82,10/7.3 

1.15 

0.45 

8-3 

3505 

Epon lOOlF^ 

73,'21/8.3 

1.19 

0.40 

8-4 

144]'' 

ERL 4221 

83/5.1/7.3 

1.33 

0.56 

8-9 

1441 

Epon 1003F 

88/5.1/7.3 

1.13 

0.55 


*EXXON 3505 400 melt flow index pohpropylene.. commercially available from Exxon Chemical Co. 
-ERL 4221 cycloaliphalic liquid epoxy resin, commercially ax-ailable from Union Carbide Corp. 
^tiPON 1003 F aromatic solid epoxy resin, commercially available from Shell Chemical Co. 
*AMOCO 1441 3 200 melt flow index pol)propylene, commercially available from Amoco Chemical Co. 


EXAMPLE 9 

A 10:90 weight ratio dry powder blend of a curable epoxy 
resin powder and a polypropylene polymer powder was 
prepared, flame-sprayed onto aluminum panels using the 
general method of Example 1, and evaluated using the Taber ^ 
Abraser Tester. The curable epoxy resin powder was EPON 
lOOlF aromatic solid epoxy resin, commercially available 
from Shell Chemical Co. The polypropylene powder was 
AMOCO 1441 1200 melt flow index polypropylene, com- 
mercially available from Amoco Chemical Co. These two 
ingredieiits were mixed by tumbling. The resuhing mixture 65 
had a calculated specific gravity of 0.92 g/cm^. AModel 124 
flame-spray system (commercially available from Plastic 
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